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[57] ABSTRACT

A semiconductor device includes an internal circuit for
deciding an internal state, as well as a Vcc supply inter-
connection and a reference supply interconnection hav-
ing ends disposed at the vicinity of an input terminal of
the internal circuit. Either an end of the Vecc supply
interconnection or an end of the reference supply po-
tential 1s connected to an input terminal of the internal
circuit in accordance with a specification of the semi-
conductor device. A connecting portion for this con-
nection has portions, which are opposed to each other
with a space smaller than a diameter of a wire for bond-
ing and are connected by material of the wire in a wire
bonding step. These structures can facilely comply with
change of the specification, and an area required for
interconnections is reduced in the semiconductor de-
Vice.

11 Claims, 8 Drawing Sheets
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INTEGRATED CIRCUIT DEVICE WITH
FUNCTIONS SELECTABLE BY CHANGING
INTERCONNECTION PATTERN

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor
device including an interconnection structure formed
between an internal circuit, which decides a specifica-
tion of the semiconductor device, and power supply
leads.

2. Description of the Background Art

Various methods have been used for manufacturing
semiconductor devices of which functions are selected
by changing interconnection patterns at final stages in
manufacturing processes in accordance with specifica-
tions of the semiconductor devices. For example, FIG.
10 schematically shows a semiconductor device of a
bonding option type in the prior art. FIGS. 11 and 12
schematically show a semiconductor device of a master
slice type. Referring to FIGS. 10-12, an IC chip 6 is
provided at its surface with bonding pads 1a and 15
corresponding to a Vcc supply lead 7 and a reference
(GND) supply lead 8. The IC chip 6 is provided with an
internal circuit 2 for deciding the internal state. The
internal circuit 2 receives a signal of “H” or “L”. The
internal circuit 2 discriminates a level of the supplied
signal, and generates a signal for changing the specifica-
tion of the circuitry in the IC chip 6 in accordance with
the supplied signal. Therefore, the internal circuit 2 is
connected to either the Vcc supply lead 7 or the GND
supply lead 8. |

In the type shown in FIG. 10, the bonding pads la
and 15 are connected to the internal circuit 2 through a
dedicated power supply interconnection 5. Only the
Vcc supply lead 7 1s connected to the boding pad 1a
through a bonding wire 9, or only the GND supply lead
8 1s connected to the boding pad 1d through the bond-
ing wire 9, whereby the signal supplied to the internal

circutt 2 is decided. The type described above is re-
ferred to as the “bonding option type”.

In F1GS. 11 and 12, both the Vcce supply lead 7 and
the GND supply lead 8 are connected to the bonding
pads 1a and 15 through the bonding wires 9, respec-
tively. Only one of dedicated power supply intercon-
nections Sa and 55, which are connected to the bonding
pads 1q¢ and 1), respectively, is connected to the internal
circuit 2, whereby the level of the signal applied to the
internal circuit 2 is decided. The type described above is
referred to as the “master slice type”. For the master
slice type, patterning masks complying with the specifi-
cations are prepared for manufacturing the power sup-
ply interconnections in the manufacturing process of
ICs, and thereby the interconnection pattern shown in
FI1G. 10 or 11 is formed.

However, in order to decide the specification of the
IC chip, the bonding option type shown in FIG. 10
requires the lead 7 (or 8) which is not used as well as the
corresponding bonding pad 1a (or 15), which impedes
the reduction of a size of the IC chip 6. Further, the
power supply interconnection 5 connected to the un-
used bonding pad 1a (or 1b) also requires a certain area
on the surface of the IC chip 6, which also impedes the
reduction of the size of the 1C chip 6.

The master slice type shown in FIGS. 11 and 12
requires a plurality of patterning masks having different
interconnection patterns corresponding to the specifica-
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tions, which is not preferable in view of the manufactur-
ing process and manufacturing cost.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the invention to pro-
vide a semiconductor device, which can be facilely
manufactured in accordance with change of a specifica-
tion and allows reduction of unnecessary interconnec-
tion areas.

A semiconductor device according to the invention
includes a semiconductor substrate having a major sur-
face, a power supply lead which is opposed to the semi-
conductor substrate for receiving a predetermined elec-
tric potential, and a power supply pad formed on the
major surface of the substrate. The power supply pad
and the power supply lead are connected through a
power supply wire. On the semiconductor substrate,
there are formed a power supply interconnection elec-
trically connected to the power supply pad, and an
internal circuit for deciding a specification of the semi-
conductor device or inhibiting use of a circuit formed
on the semiconductor substrate. To the internal circuit
is connected an internal circuit interconnection having
a portion, which is opposed to a predetermined portion
of the power supply interconnection with a predeter-
mined space therebetween. The space between the op-
posed portions 1s smaller than a diameter of a bonding
wire at a connecting portion between the power supply
wire and the power supply pad.

In the semiconductor device according to the inven-
tion, the connection between the power supply inter-
connection and the intermal circuit is decided by
whether the internal circuit is connected to the power
supply interconnection or not. Therefore, the power
supply interconnection can also be used as an intercon-
nection connected to another circuit, and thus an inter-
connection, pad and others dedicated to the internal
circuit are not required. Thereby, an unnecessary inter-

connection area on the semiconductor substrate can be
eliminated. Also, the power supply interconnection and

the internal circuit interconnection have the portions
opposed to each other with the space therebetween
which 1s smaller than the diameter of the bonding wire.
Therefore, the power supply interconnection and the
internal circuit interconnection can be connected, using
material of the bonding wire in the bonding step for
bonding the power supply lead and the power supply
pad.

The foregoing and other objects, features, aspects
and advantages of the present invention will become
more apparent from the following detailed description
of the present invention when taken in conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows plane structures of a
semiconductor device according to an embodiment of
the mvention:

FIG. 2 shows a plane structure of an interconnection
connecting portion of a semiconductor device accord-
ing to a first embodiment of the invention;

FIG. 3 1s a cross section taken along line X—X in
FI1G. 2;

FIG. 4 1s an equivalent circuit diagram of an internal
circuit of a semiconductor device of the invention;
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FIG. § is signal waveform diagram showing signal
waveforms at respective points in an internal circuit
shown in FIG. 4;

FI1G. 6 shows a plane structure of an interconnection
connecting portion of a semiconductor device accord-
ing to a second embodiment of the invention;

FIG. 7 shows a plane structure of an interconnection
connecting portion of a semiconductor device accord-
ing to a third embodiment of the invention:;

FIG. 8 shows plane structures of a semiconductor
device of a fourth embodiment of the invention;

FIG. 9 shows plane structures of the other example of
a semiconductor device of a fourth embodiment;

FI1G. 10 shows plane structures of a semiconductor
device of a bonding option type in the prior art;

FIG. 11 shows plane structures of a semiconductor
device of a master slice type in the prior art; and

FIG. 12 shows plane structures of the other example
of a semiconductor device of a master slice type in the
prior art.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Preferred embodiments of the invention will be de-
scribed below with reference to the drawings.

FIG. 1 schematically shows plane structures of a
semiconductor device according to an embodiment of
the invention. The bonding pads 1¢ and 15 formed on an
outer surface of the IC chip 6 are connected to the Vcc
supply lead 7 and the reference (GND) supply lead 8
through the bonding wires 9, respectively. Other bond-
ing pads and other leads formed on the surface of the IC
chip 6 are not shown in the figures for simplicity rea-
sons. On the major surface of the IC chip 6, there are
disposed the internal circuit 2 for deciding the internal
state as well as integrated circuits 16 and 17 for various
functions. The Vcc supply interconnection 5a con-
nected to the bonding pad 1a and thus the Vcc supply
lead 7 is introduced to the integrated circuit 16, and has
a divided end introduced to the interconnection con-
necting portion 3 for the internal circuit 2. The refer-
ence supply interconnection 56 connected to the bond-
ing pad 15 and thus the GND supply lead 8 is intro-
duced to the integrated circuit 17, and has a divided
portion introduced to the interconnection connecting
portion 3 for the internal circuit 2. To the interconnec-
tion connecting portion 3 are connected either the Vcc
supply interconnection Sa or the reference supply inter-
connection Sb as well as the interconnection 4 for the
internal circuit 2 in accordance with the specification of
the semiconductor device, as will be described later.

Owing to the interconnection structures described
above, the Vcc supply interconnection 5q and the refer-
ence supply interconnection 5b introduced to the inter-
nal circuit 2 can be formed by interconnections which
are used as the interconnections introduced to the inte-
grated circuits 16 and 17, respectively, without using
interconnections dedicated to the internal circuit 2.

Therefore, the structures in the prior art shown in
FIG. 10 can eliminate area for the unnecessary bonding
pad 1a not connected to the internal circuit 2 and the
dedicated power supply interconnection extending
from the bonding pad 1a to the internal circuit 2. Conse-
quently, the size of the IC chip 6 can be reduced.

Then, the structure of the interconnection connecting
portion 3 will be described below. FIG. 2 shows a plane
structure of the interconnection connecting portion 3 of
the semiconductor device according to a first embodi-
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ment of the invention. The interconnection 4 connected
to the internal circuit 2 has a plurality of comb-like
ends. The Vce supply interconnection 5z and the refer-
ence supply interconnection 55 have ends 5¢ and 54 in
the shape of the teeth of the comb, respectively, which
engage with the comb-like ends of the interconnection
4. FIG. 3 is a cross section taken along line X—X in
FIG. 2. Referring to FIG. 3, one of the comb-like ends
of the interconnection 4 is connected to either the
comb-like end Sc of the Ve supply interconnection 5q
or the comb-like end 5d of the reference supply inter-
connection 56 by a connecting member 10 made from
the same material as the bonding wire 9 in FIG. 1. The
connecting member 10 is formed by applying the bond-
ing to the interconnection connecting portion 3 when
applying the bonding to the leads 7 and 8 and the bond-
ing pads 1aq and 15. The connecting member 10 is made
from the bonding wire material such as gold or alumin-
ium.

FIG. 415 a circuit diagram showing an example of the
internal circuit 2 to which either the Vcc supply inter-
connection Sa or the reference supply interconnection
Sb 1s connected through the interconnection connection
portion 3. FIG. 5 is a signal waveform diagram showing
output signals at points A, B, ..., F in the internal
circuit 2 and an output terminal 12. Referring to FIGS.
4 and 5, if “H” is applied from the interconnection 4 to
an input terminal 13, a signal of a pulse waveform indi-
cated at “12-H” in FIG. 5 is supplied from the output
terminal 12. If “L” is applied through the input terminal
13, a signal indicated at “12-L” is supplied from the
output terminal 12.

FIG. 6 shows a plane structure of the interconnection
conneciing portion 3 according to a second embodi-
ment of the invention. In this embodiment, the intercon-
nection 4 connected to the internal circuit 2 is divided
and extended toward the Vcc supply interconnection Sa
and the reference supply interconnection 55, so that the
freedom in the layout or disposition of the respective
connecting portions is improved.

Further, FIG. 7 shows a plane structure of the inter-
connection connecting portion 3 according to a third
embodiment of the invention. In this embodiment, the
ends of the interconnection 4 as well as the end 55 of the
power supply interconnection 5z and the end 54 of the
reference supply interconnection 5S¢ are formed into
spiral shapes.

A fourth embodiment of the invention will be de-
scribed below. FIGS. 8 and 9 schematically show plane
structures of the semiconductor device according to the
fourth embodiment. In the semiconductor device
shown in FIG. 8, the internal circuit 2 and the Vcc
supply interconnection 5aq are connected through a high
resistance element 11. The reference supply intercon-
nection 5b and the internal circuit 2 can be connected
through the interconnection connecting portion 3. If
the end of the reference supply interconnection 5b is
connected to the end of the interconnection 4 extending
from the internal circuit 2, a signal of “L” is applied to
the internal circuit 2. If not connected, the Ve supply
interconnection 5a applies a signal of “H”. The example
shown 1n FIG. 9 achieves the condition opposite to that
shown in FIG. 8.

In the embodiments described hereinabove, the inter-
connections at the interconnection connecting portion 3
between the supply interconnections 5¢ and 5b and the
internal circuit 2 have the comb-like shapes or spiral
shapes, but they may have any other shapes provided
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that the ends of the interconnections can be adjacent to
each other with the predetermined spaces therebe-
tween, which are smaller than the width of the connect-
ing portion of the bonding wire.

In the foregoing embodiments, description has been
made on the cases that the interconnection structures
are selectively formed in accordance with the various
specifications applied to the one IC chip. However,
these interconnection structures may be applied for
constructing the interconnections connected to a circuit
which 18 used, for example, in a manufacturing process
and will not be used during the use of a product.

According to the embodiments, as described herein-
above, there are provided the internal circuit for decid-
ing the internal state, and the connecting portion for the
power supply interconnection disposed near the inter-
nal circuit for deciding the internal state, and the con-
nection and disconnection between the internal circuit
and the mnterconnection is selected in accordance with
the specification of the semiconductor device. There-
fore, the power supply interconnection connected to
the internal circuit for deciding the internal state does
not require the dedicated interconnection, and thus a
space for the dedicated power supply interconnection
which i1s not connected can be eliminated, which ena-
bles reduction of the area of the IC chip.

Although the present invention has been described
and illustrated in detail, it is clearly understood that the
same 1s by way of illustration and example only andis
not to be taken by way of limitation, the spirit and scope
of the present invention being limited only by the terms
of the appended claims.

What is claimed is:

1. A semiconductor device comprising:

a semiconductor substrate having a major surface;

a power supply lead opposed to said semiconductor
substrate for receiving a predetermined electric
potential;

a power supply pad formed on a major surface of said
semiconductor substrate;

a power supply wire connecting said power supply
pad and said power supply lead;

a power supply interconnection pattern formed on
said semiconductor substrate and electrically con-
nected to said power supply pad;

an internal circuit formed on said semiconductor
substrate for selecting functions of the semiconduc-
tor device or inhibiting use of a circuit formed on
said semiconductor substrate; and

an internal circuit interconnection pattern connected
to said internal circuit and formed on said semicon-
ductor substrate, said internal circuit interconnec-
tion pattern having a portion adjacent a predeter-
mined portion of said power supply interconnec-
tion pattern and separated therefrom by a space
smaller than a diameter of said power supply wire
connecting said power supply lead and said power
supply pad.

2. A semiconductor device according to claim 1,
wherein said internal circuit interconnection pattern
and said power supply interconnection pattern respec-
tively have linearly extending interconnection connect-
Ing portions, which are opposed to each other with a
space smaller than the diameter of said power supply
wire.

3. A semiconductor device according to claim 1,
wherein said internal circuit interconnection pattern
and said power supply interconnection pattern respec-
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tively have interconnection connecting portions each in
a shape of teeth of a comb, and teeth of said intercon-
nection connecting portions are opposed and fitted to
each other with spaces smaller than the diameter of said
power supply wire therebetween.

4. A semiconductor device according to claim 1,
wherein said internal circuit interconnection pattern
and said power supply interconnection pattern respec-
tively have interconnection connecting portions each in
a spiral shape, and spirals of said interconnection con-

- necting portions are opposed and fitted to each other

with a space smaller than the diameter of said power
supply wire therebetween.

3. A semiconductor device according to claim 1,
wherein said power supply interconnection pattern
includes a first power supply interconnection pattern
and a second power supply interconnection pattern, and
at least one of said first and second power supply inter-
connection patterns is formed of a part of an intercon-
nection extending from said power supply pad to a
circuit other than said internal circuit.

6. A semiconductor device according to claim 1,
wherein said power supply interconnection pattern
includes a first power supply interconnection pattern
and a second power supply interconnection pattern, and
at least one of said first and second power supply inter-
connection patterns has an interconnection connecting
portion which is opposed to said interconnection por-
tion of said internal circuit interconnection pattern with
a predetermined space therebetween.

7. A semiconductor device according to claim 6,
wherein said first power supply interconnection pattern
and said internal circuit interconnection pattern are
connected through a resistor having a predetermined
resistance, and said second power supply interconnec-
tion has an interconnection pattern connecting portion
opposed to said interconnection pattern connecting
portion of said internal circuit interconnection with a
predetermined space therebetween.

8. A semiconductor device comprising:

first and second power supply interconnection pat-

terns to which predetermined electric potentials
are to be applied, respectively;

an internal circuit for selecting functions of the semi-

conductor device or inhibiting use of a circuit of
the semiconductor device; and

an mternal circuit interconnection pattern connected

to said internal circuit, wherein

both of said first and second power supply intercon-

nection patterns have interconnection connecting
portions which are adjacent a predetermined por-
tion of said internal circuit interconnection pattern
and separated therefrom by predetermined spaces
smaller than a diameter of a bonding wire for con-
necting the first and second power supply intercon-
nection patterns to a power supply lead.

9. A semiconductor device according to claim 8,
wherein said first power supply interconnection pattern
receives a Vcc supply voltage, and said second power
supply interconnection pattern receives a reference
electric potential.

10. A semiconductor device comprising:

first and second power supply interconnection pat-

terns which are to receive predetermined electric
potentials, respectively:;

an 1nternal circuit for selecting functions of the semi-

conductor device or inhibiting use of a circuit of
the semiconductor device; and
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an Internal circuit interconnection pattern connected
to said mnternal circuit, wherein

said first power supply interconnection pattern and
said internal circuit interconnection pattern are
connected through a resistor having a predeter-
mined resistance, and

said second power supply interconnection pattern has
an Interconnection connecting portion adjacent
said internal circuit interconnection pattern and
separated therefrom by a predetermined space
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smaller than a diameter of a bonding wire for con-
necting the first and second power supply intercon-
nection patterns to a power supply lead.

11. A semiconductor device according to claim 10,
wherein said first power supply interconnection pattern
receives a Vcc supply voltage, and said second power
supply interconnection pattern receives a reference

electric potential.
* * S kX X
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